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To explain the inequality between aerodynamic and radiometric surface temperature, we used an analytical surface energy balance model
where evaporation is directly estimated by constraining the state equations of aerodynamic temperature and biophysical conductances
through radiometric temperature. While the derived aerodynamic temperature was comparable with a flux-inverted counterpart,
evaporation and sensible heat fluxes also showed good correspondence with in-situ eddy covariance observations over contrasting aridity
in Australia. Results showed aerodynamic temperature frequently exceeds the radiometric temperature in arid and semiarid ecosystems for
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and (i) a simultaneous increase in aerodynamic conductance, air temperature and sensible heat flux. The analytical approach provides
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valuable insights into the long-lasting debate of aerodynamic versus radiometric temperature paradox by recognizing the feedback between
biophysical conductances and the supply-demand limit of solar radiation, soil moisture, and vapor pressure deficit.
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What we can observe/measure

» Evaporation (J p)

Water stress
OFuel O
Day - night land surface temperature (LST)

¢,3INSEAL/3AISSI0 JouULRd aM Tey\

Surface heating

Mallick, Baldocchi, cauthors (2022)




Terrestrial ecosystem

Solar radiation

(Re9)

Veg cover,
LAI

Mallick, Baldocchi, cauthors (2022)

For any ecosystem to evaported &

Terrestrial radiation

Photosynthesis (J )

Stomata

» Evaporation (J p)

(R,
Net radiation (R), Temperature, Humidity
=)
c Net
-S : Surface
c—;—,U available Convection energy
- bal

% ene rgy part?[izrr?i::g
& (In)
S|l 0O Engi n eS@nsible |
T heat flux < :

(Jy) :

Water stress
OFuel O

Day - night land surface temperature (LST)

Surface heating

Complex systems are characterized by
randomness and disorder

Monterey Bl
12 mud'ly i

/ W\ mers
Mesophy‘{f/csll \ ‘\\ oo
Fumarate 4

= \5

\ o



Temporal resolution (d)

Why bridging?

1A
V'[A Canwe observe g, andg . at the intended
scale?
. A Empirical parameterization of g,
A Empirical parameterization of g . ,
. Geostatjonary
oA LsT, 1 T
A Scalability
Lo
[e0]
Polar orbiting Many more
resistances beyond
our perception
o Spatial resolution (m) R

[10 320m] [30 3 90m]

[375 & 750m] [500 & 1000m] [1000 & 5000m]

Aerodynamic theory of
heat

Aerodynamic theory of
water vapor

Biophysical
conductances

Water stress

unification

Soilvegetation-atmosphere system

Upper boundary conditions

T TH
LST, R)
' Reference heightz] LST
"\\ """ L JE e
\ | t---/EH
NI 2\
\ (NDV|,STrH, T)
\, !
1
\
\
\

1

1 §
| Vegetatio

' surface
1

1-D Surface energy balance representation

SUONIPUOD AJepunoq JoMo |




_ 0 +~—
o va

O O
Yo

Yo

Yo

Yo

Proposed bridge

Q QY S Y Y
o7y
pRQ ¥ Y 'Y Q
¢ aQy
{l %0 1 [ O }“Q
1) ('B
vo
vohvo
vo
v ohv o
ohvely pad
LA TN
Y v ohv o}
! pub 4

Surface

Temperature

Initiated

Closure (STIC)

Soilvegetation-atmosphere system

Upper boundary conditions

Ty, 'H

Reference heightz]

N ——
| -—-/EH
\| N
N | (NDV| lISTrH, TA)
\! '
1
\
\
\

Vegetatio .
surface

G ("o, LSTNDVI, )

Substrate g

1-D Surface energy balance representation

SUONIPUOD AJepunoq JoMo |




Overview

: A Shortwave downwelling,
Environmental T IH
a’ ’

\—'\ Remote ALST, surface emissivity, albedo, fractional veg
% sensing cover

R

A Water stress
A ET, H, TO, conductances

Output



Aerodynamic

temperature (T0); SEB

fluxes
Y

Y 1) Yg
p - 'Y®

Flux Governing Main driver
equations

LE QQ° Q)
H QCY  Y)
Longw -Y =Y
ave ®

G QY Y )

60
S 45
9
2 30
HO
=Y 15
0
Vapor pressure, 550
O —_
Temperature, (\'la 400
9da g
LST 8 250
~
Temperature, Eﬁ 100
water content <
-50

' | H(w/m7)j0
Tonzi ranch
'..°’,/’
Al . 500
O.“ o o
% "
@ . ¢
o« o 00 250
L. re= 0.90
L < °o" o * slope = 0.68
offset = 9.12 0
15 30 45 60
T 0 inverted (°C)
. . . . ~T:C%0
- RMSD = 92 Wm™ e
KGE = 0.53 ] Pl I
11140
20

slope = 0.50
Pz offset = 83

_50 100 250 400 550

AE tower (W m'z)

. . vza(degé
Tonzi ranch
60, — .97

. slope = 0.77 i 30
C{L_), 45 | offset = 7.09 ‘.@e
N 30} ”.‘:.2{;“ o

< ° “‘}.”

ot
sy 30
0 ' ' : : -60
0 15 30 45 60
T, MODIS (°C)
800 — T.C%0
RMSD = 92 Wm™ e
KGE = 0.74 s
o 600 !

s 140
2 400
o
& 200 | 20
m °

0 * 5i§e0£6§91

. . offsetl= 3 .
0 200 400 600 800

H tower (W m'z)



Aerodynamic
temperature (T0); SEB
fluxes

Flux Governing Main driver
equations

LE QIQ° Q) Vapor pressure,
O+

H QCY "Y) Temperature,
9a

Longw - Y ® =Y LST

ave

G QY Y o) Temperature,

water content

. . vza(de@é
Vaira ranch
I rlz 0.97O -
slope = 0. rCy 30
_offset = 7.53 * 4
23
'; LT 0
%o
o % ;,"3"’
ey
0;};?%/%‘ 30
,,‘:..f | _
' . . ' 1 -60
15 30 45 60

T, MODIS (°C)



